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Objective: To review the evidence that supports the use of certain cephalosporins 
in penicillin-allergic patients.

Data sources: Published articles were identified through Medline and EMBASE 
(1960–2007) using the search terms penicillin and allergy and cephalosporin and 
cross-reactivity. Additional sources were identified from the authors’ personal collec-
tion and the reference bibliographies.

Study selection: The articles found in the search were limited to the English lan-
guage and screened for relevance. Review articles and republication of results were 
excluded. A total of 44 articles reported evidence of cross-reactivity between cepha-
losporins and penicillins in human and animal studies. Additional references provided 
background and perspective.

Data synthesis: Physicians may now prescribe certain cephalosporins in patients 
with a history of a nonserious, non–life-threatening penicillin reaction. Exclusions 
include type I anaphylaxis, Stevens-Johnson syndrome, toxic epidermal necrolysis, 
angioedema, and other potentially life-threatening responses to medication. Recent 
reports demonstrate that a considerable body of literature describing the cross-reac-
tivity between cephalosporins and penicillin was established based on nonallergic 
adverse reactions or in vitro studies rather than on clinically relevant immune-medi-
ated reactions. Oral rechallenge and skin testing data support the relationship of the 
beta-lactam side-chain structures of these drugs as a predictor of cross-reactivity.

Conclusion: Recent data suggest that the incidence of cross-reactivity among 
penicillins and cephalosporins is lower than historically reported. Pharmacists should 
be aware that cephalosporin cross-reactivity in a penicillin-allergic patient is not nec-
essarily a class effect. Dispensing should be evaluated based on the type of allergic 
manifestations and the drug prescribed.
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Cephalosporin antimicrobials are frequently prescribed 
for many common infections such as sinusitis, acute 
otitis media (AOM), acute exacerbations of chronic 

bronchitis, and pneumonia, as well as for skin and soft tissue 
infections. For decades, a relative contraindication to the use of 
cephalosporins has been in patients with a history of penicillin 
allergy. Reactions to penicillin in the general population are 
common, with approximately 10% of patients reporting a peni-
cillin allergy. Pharmacists and other health care providers are 
acutely aware of the potential cross-reactivity between penicil-
lin and cephalosporins. Until recently, the relative risk remained 
poorly defined in patients with “known” allergic reactions to 
penicillins subsequently receiving cephalosporins. However, 
new guidelines recommending cephalosporin use in penicillin-
allergic patients and new information regarding cross-reactivity 
between agents with similar side-chain structures have made 
reexploring the issues necessary.

Objective
This article reviews the evidence supporting new recom-

mendations that certain cephalosporins can be administered 
to penicillin-allergic patients. The objective is to ensure that 
pharmacists are aware of the basis for the paradigm change 
in prescribing and are able to discern between an acceptable 

At a Glance
Synopsis: Decisions on whether to dispense cepha-

losporins to patients with previous allergies to penicillin 
should be based on the type of allergic manifestations and 
the specific drug prescribed, according to authors of this 
review article. A considerable body of literature describ-
ing the cross-reactivity between cephalosporins and 
penicillin was established based on nonallergic adverse 
reactions or in vitro studies instead of clinically relevant 
immune-mediated reactions. Data from oral rechallenge 
and skin testing support the relationship of the beta-lac-
tam side-chain structures of these drugs as a predictor of 
cross-reactivity. Cephalosporin cross-reactivity in peni-
cillin-allergic patients is not necessarily a class effect.

Analysis: Pharmacists in various practice settings 
regularly are presented with cephalosporin prescriptions 
for patients with a history of penicillin allergy. The history 
of the previous allergic response, drug, onset, duration, 
and extent must be assessed to determine the safety of 
starting cephalosporin therapy. Delaying or incorrectly 
modifying therapy can be avoided by understanding the 
difference between an adverse event and an allergic reac-
tion, and national guidelines can be consulted in specific 
situations.

prescription and one that requires intervention. A background 
of penicillin allergy and a review of the cross-reactivity evidence 
are presented.

Search criteria
Published articles were identified through Medline and 

EMBASE (1960–2007) using the search terms penicillin and 
allergy and cephalosporin and cross-reactivity. The articles 
found in the search were limited to the English language. Addi-
tional sources were identified from the authors’ personal col-
lection and the reference bibliographies. Articles were screened 
for relevance by searching specifically for cephalosporin testing 
in a penicillin-allergic patient. Testing included drug rechal-
lenge by either the oral or injectable route or skin testing. 
Review articles and papers with previously published results 
were excluded. A total of 44 articles reported evidence of cross-
reactivity between cephalosporins and penicillins in human and 
animal studies. Additional references provided background and 
perspective.

Current evidence-based guidelines
The respiratory treatment guidelines issued by the Ameri-

can Academy of Pediatrics1–3 identify a beta-lactam as the initial 
drug of choice for treating nonsevere AOM and further recom-
mend cefdinir, cefuroxime axetil, or cefpodoxime in patients 
with nonanaphylactic (type I) allergy to penicillin (Figure 1). 
Patients with a type I penicillin allergy should be given a mac-
rolide antibiotic; cases of severe AOM should be treated with 
ceftriaxone. While clindamycin and other antibiotics may be 
active against the typical respiratory pathogens, their use is 
generally reserved for clinical failure in an overall effort to fore-
stall the development of bacterial resistance. Patients exhibiting 
a non–type I, nonanaphylactic reaction to penicillin may still 
receive a cephalosporin, unless a history of a potentially serious 
type II, III, or IV reaction or idiopathic reaction is noted, such 
as Stevens-Johnson syndrome (SJS), toxic epidermal necrolysis 
(TEN), interstitial nephritis, vasculitis, serum sickness, hemo-
lytic anemia, neutropenia, or thrombocytopenia.

Guidelines developed by the Sinus Allergy Health Part-
nership4 and adopted by the American Academy of Otolaryn-
gology–Head and Neck Surgery, American Academy of Oto-
laryngic Allergy, and the American Rhinology Society also 
include antimicrobial therapy recommendations. Although 
separate guidelines were developed for adults and children, 
both focus treatment decisions on the severity of symptoms 
and previous antibiotic use. Similar to the American Academy 
of Pediatrics guidelines, the Sinus Allergy Health Partner-
ship guidelines recommend penicillins and cephalosporins 
as first-line treatment options except in cases of true beta-
lactam allergy, such as type I reactions. Non–type I, nonana-
phylactic but life-threatening reactions, such as SJS, TEN, 
interstitial nephritis, vasculitis, serum sickness, hemolytic 
anemia, neutropenia, and thrombocytopenia, also represent 
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absolute contraindications to the readministration of any 
beta-lactam antibiotic.

Defining and redefining allergic reactions
The common method for characterizing adverse drug reac-

tions (ADRs) is to separate them first into immunologic and 
nonimmunologic reactions. Nonimmunologic reactions include 
predictable adverse effect and toxicity states. Idiosyncratic reac-
tions are typically nonimmunologic, but as more information has 
become available regarding drug metabolism and pharmacog-
enomics, many idiosyncratic reactions have been repositioned 
in the toxicity or adverse effect subcategories. Anaphylactoid 
reactions presenting with anaphylactic-like symptoms, but 
without evidence of immunologic sensitization, are also classi-
fied as nonimmunologic.

The immunologic reactions are subdivided into types I, II, 
III, and IV reactions and idiopathic reactions, with the latter 
sometimes referred to as type V.5 Type I or immediate/accel-
erated reactions typically occur within 1 hour (immediate) or 
develop within 1 to 72 hours (accelerated) after the initial expo-
sure to penicillin. Type I allergy is confirmed when antibiotic-
specific immunoglobulin (Ig)E antibodies are detected in the 
serum. Separately considered are other serious type II, III, or IV 
reactions or idiopathic reactions, such as SJS, TEN, interstitial 
nephritis, vasculitis, serum sickness, hemolytic anemia, neutro-
penia, and thrombocytopenia.

Late reactions, also referred to as type II, III, and IV ADRs, 
tend to occur after 72 hours. Type II and III reactions may be 
mediated by IgG and complement or IgG and IgM immune com-
plexes, respectively, but do not involve IgE. These reactions may 
occur at any time during therapy. Clinical signs of type II and III 
reactions include an increase in the clearance of erythrocytes 
and platelets by the lymphoreticular system, serum sickness, 
drug fever, or tissue injury. Type IV reactions include contact 
dermatitis, maculopapular rashes or morbilliform rashes. When 
a patient has experienced a rash from a penicillin or cepha-

losporin, an inquiry as to the onset, character, and duration can 
provide valuable clues to type the adverse reaction.

Although far less common than nonimmunologic reactions, 
type I reactions are the most clinically important because of their 
potentially cataclysmic and catastrophic nature. Such a reaction 
occurs when the body produces an IgE antibody directed against 
an antigen (foreign protein; i.e., the parent drug or its metabo-
lite). The sequence of events begins when the antimicrobial, 
functioning as an allergen, is presented to an antigen-present-
ing cell. A T-cell–dependent release of cytokines, particularly 
B-cell–inducing cytokines, such as interleukin (IL)-4 and -13, 
activates a specific IgE type B-cell that evolves into a plasma 
cell, which in turn produces serum-specific IgE (Figure 2). The 
IgE then circulates several days before fixing to mast cells and 
basophils. On subsequent reexposure, the allergen (drug) will 
result in the binding of two neighboring IgE molecules with the 
same specificity, activating the mast cells to release a variety 
of very potent vasoactive and proinflammatory (preformed or 
rapidly formed) mediators. These mediators result in the classic 
immediate (within minutes) onset of the signs and symptoms of 
anaphylaxis: wheezing, sneezing, swelling of the larynx, urti-
caria, pruritis, bronchospasm, and hypotension.

Immediately released (preformed) mediators include his-
tamine and, to a lesser extent, tumor necrosis factor-alpha, 
proteases, and heparin. Rapidly formed mediators are typically 
lipid derived and include prostaglandins and cysteinyl leukot-
rienes.6 The immediate-release reaction may occur during a 
prolonged first exposure or with a second later exposure. The 
length of time to sensitization is variable, making the reaction 
time unpredictable. Sensitivity may occur after a long period of 
apparent lack of sensitivity and tolerance to multiple exposures 
to a given drug.

A late-phase reaction that is predominantly inflammatory 
also occurs hours after the immediate acute-phase reaction and 
leads to a variety of upper- and lower-airway and cardiovascular 

Figure 2. Overview of the IgE-mediated inflammatory cascade 
Abbreviations used: IgE, immunoglobulin E; IL, interleukin.

Reprinted with permission from Brownell J, Casale TB. Anti-IgE therapy, Immunol Allergy Clin 
North Am. 2004;24:551–68. 

Figure 1. American Academy of Pediatrics–recommended antibacte-
rial agents for patients with allergy to penicillin in the management 
of AOM

Abbreviation used: AOM, acute otitis media.
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symptoms. This late-phase reaction is mediated by (1) cytokines 
and chemokines, including IL-4 and -13, and (2) a recruitment of 
inflammatory cells, predominantly eosinophils and, to a lesser 
extent, activated lymphocytes. A clinically important late-phase 
reaction occurs in about 25% of patients who experience a 
major immediate reaction.

Clinical drug treatment is predominantly directed at the 
immediate reaction and primarily mediated by histamines, 
prostaglandins, and leukotrienes. Within minutes to hours, the 
immediate-release mediators produce bronchoconstriction, 
sneezing, mucous production, itching, and hives. As previously 
discussed, the immediate-release reaction may lead to vascular 
dilatation, edema, and cardiogenic shock.

Contemporary categorization of ADRs
With improved understanding of their pathophysiologic and 

clinical manifestations, categorization of ADRs, as previously 
described by Gell and Coombs,5 has been redefined. ADRs may 
now be categorized as type A and B reactions. Type A reactions 
are the most common, frequent, and predictable and include 
nonimmunologic reactions, whereas type B reactions include 
the less common, more serious, and less predictable immuno-
logic reactions, as well as the idiosyncratic reactions. At least 
75% of ADRs are type A reactions, which include adverse effects 
and toxicities related to the pharmacologic action of the drug.

As previously mentioned, type B reactions are subdivided 
into two groups: immunologic (including IgE-mediated) and 
idiosyncratic. In contrast to immunologic reactions, idiosyn-
cratic reactions have no identifiable immunologic sensitivity. 
There are three principle types: anaphylactoid, drug metabo-
lism, and haptenation without metabolism.

Anaphylactoid reactions are clinically indistinguishable 
from anaphylaxis, but no IgE involvement can be identified; 
these may occur through the direct action of a drug on mast 
cells or other mediator-releasing cells. One example is acti-
vation of the complement pathway, resulting in the production 
of anaphylatoxins C3A and C5A. The latter act either directly 
or indirectly on mast cells to cause mediator release without 
involving IgE. This is likely the mechanism witnessed in severe 
radiographic contrast media reactions. Anaphylactoid reactions 
may also occur when a drug directly activates mediator-releas-
ing cells. The itching and hives associated with opiates are likely 
a direct action on mast cells not involving IgE. Another example 
is the anaphylactic-like events in some patients on nonsteroi-
dal anti-inflammatory agents that act to preferentially produce 
lipooxygenase products.

Idiosyncratic reactions that involve drug metabolism occur 
most commonly at any of three different phases of metabolism: 
bioactivation (typically by the cytochrome system), glucuroni-
dation, and acetylation. ADRs tend to occur when bioactivation 
exceeds detoxification and may be related to a genetic poly-
morphism (a trait that has differential expression in >1% of the 
population) in drug-metabolizing enzymes.7 The metabolism of 

sulfonamides provide one example. In the usual case, acetyla-
tion of the compound results in excretion. However, if the drug 
is preferentially oxidized rather than undergoing acetylation, 
it may be either excreted or, alternatively, haptenized to N-4-
sulfonamidoyl hapten, which is more highly reactive. Certain 
conditions appear to drive the oxidation pathway, such as infec-
tious diseases associated with cytomegalovirus or the human 
immunodeficiency virus. This may explain, in part, why more 
sulfonamide allergies are reported in a higher frequency in 
these subpopulations of patients with infection.

The third type of idiosyncratic reaction is haptenation with-
out drug metabolism. Chemical structural characteristics of the 
parent drug allow binding with host proteins to form haptens. By 
definition, haptens are incomplete or partial antigens capable of 
binding with specific antibodies but, in and of themselves, are 
incapable of simulating additional antibody production. Hapte-
nation without metabolism can occur with penicillins to elicit 
an allergic response.

Assessing an allergic reaction
A major difficulty in assessing allergy is the current lack of 

clinically valuable diagnostic (in vitro or in vivo) tests. T-cell–
related tests correlate fairly well with drug rashes but are not 
clinically available. Immediate skin tests for amoxicillin and 
penicillin have a poor positive predictive value (sensitivity) but 
excellent negative predictive value (specificity). Penicilloyl-
polylysine skin testing, used for decades but not marketed cur-
rently, can establish IgE sensitivity to the major metabolite of 
penicillin; the Food and Drug Administration is currently review-
ing an application for marketing a device for this purpose. The 
in vitro allergen-specific IgE antibody, or radioallergosorbent, 
test is not clinically reliable as an index for immediate penicillin 
hypersensitivity.

The diagnostic algorithm used to investigate an ADR 
includes a review of the medical history, nature of the event, tim-
ing, onset, course, current medications, and previous ADRs and 
outcomes. In general, 75% of ADRs are predictable (type A). 
The IgE-mediated (type B) immunologic drug reactions occur 
in a small percentage of patients. Symptoms do not resemble 
the pharmacologic action of the drug but rather a known immu-
nologic response. Readministering a drug is generally contrain-
dicated in an IgE-mediated (type I) reaction given the risk of a 
similar, or perhaps more severe, allergic reaction.

Desensitization, either orally or intravenously, is associated 
with a 90% to 95% success rate in documented IgE-mediated 
(type I) sensitivity, particularly to penicillin, and can be used 
to permit safe administration of the drug in a patient with a 
compelling reason. This technique is not without substantial 
risk and must be performed in a highly controlled setting by 
trained clinicians. If the patient history is inconclusive and con-
sidered an idiosyncratic (non–IgE-mediated) type B reaction, 
then desensitization or graded-dose challenge (giving small 
increasing amounts of drug over a period of a few hours to days 
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to weeks) may be considered and is often successful. An excep-
tion lies in nonanaphylactic but life-threatening reactions such 
as SJS or TEN. SJS and TEN are considered a continuum of the 
same disease and represent absolute contraindications to read-
ministration of the offending agent. Reactions are often more 
severe upon subsequent drug exposure and are not predictable 
by in vitro or in vivo testing.

Structural similarities between beta-lactam 
antibiotics

Cephalosporins are a class of semisynthetic antimicrobial 
drugs related to the structure and activity of penicillin. As with 
many antibiotics, cephalosporins were discovered from natural 
sources. Thirty-two different cephalosporin compounds have 
been developed since the initial isolation of cephalosporin C off 
the coast of Sardinia in 1948. Several were never marketed; oth-
ers are no longer commercially available (Table 1). Subcatego-
rization of cephalosporins into four different generations was 
based on their development by industry; however, in general, 
each subsequent generation has a broader spectrum of activity 
against gram-negative organisms while maintaining or losing 
its activity against gram-positive organisms.

Beta-lactam antibiotics include penicillins, cephalosporins, 
carbapenems, monobactams, and beta-lactam/beta-lactamase 
inhibitors. These compounds all possess a characteristic beta-
lactam ring. When the beta-lactam ring is fused to a 5-mem-
bered thiazolidine ring, or penam, the drug is classified as a 
penicillin (Figure 3). When fused to a 6-membered dihydrothi-
azine ring, or cephem, it is classified as a cephalosporin (Fig-
ure 4). Penams (penicillins) are different from penems, such 
as imipenem and meropenem, which have the same general 
beta-lactam structure but contain a carbon double bond in the 
attached 5-membered ring.8

Although both penicillins and cephalosporins may incor-

porate different salt forms at the ester binding site, penicillins 
have only one side chain (6-position) while cephalosporins have 
two side chains (7- and 3-position). The side chains differentiate 
the activity and metabolic parameters of individual drugs within 
each class. Substitution at the 6-position side chain of penicil-
lins generally results in increased potency. With cephalosporins, 
substitutions at the 7-position side chain alter the microbiologic 
activity of the drug. Modifying cephalosporin molecules at the 
3-position predominately affects changes in pharmacokinetic 
parameters, particularly drug metabolism. The penicillin 6-posi-
tion and cephalosporin 7-position side chains with an acylamino 
structure have demonstrated parallel function.

Cephalosporin allergy and cross-reactivity in 
penicillin allergy

Hypersensitivity reactions are among the most serious sys-
temic reactions caused by cephalosporins. The relative risk of 
an anaphylactic reaction to cephalosporins ranges from 1:1,000 
to 1:1,000,000.9–11 This risk is increased by a factor of four in 
patients with a history of penicillin allergy.12,13

The most serious adverse reaction of the penicillins is a 
type I IgE-mediated hypersensitivity reaction, or anaphylaxis. 
Penicillins are capable of acting as haptens to combine with 
human proteins. Once sensitized with a hapten-carrier com-
plex, the patient can manifest an allergic reaction to penicillin. 
Penicilloyl and penicillanic acid—byproducts formed when the 
beta-lactam ring is opened—are considered the major deter-
minants of penicillin allergy. These byproducts allow nitrogen 
from the beta-lactam ring to form an amide linkage to body 
proteins. Benzylpenicillin and sodium benzylpenicilloate, called 
the minor determinants, are produced by drug degradation in 
the gastrointestinal tract and metabolism. Both the major and 
minor determinants may be involved in anaphylactic or urticarial 
reactions. Cephalosporins are also suspected to form haptens, 

Table 1. Cephalosporins by generation

First generation Second generation Third generation Fourth generation
Cefadroxil Cefaclor Cefdinir Cefepime
Cefatrizine Cefamandole Cefetamet Cefpirome
Cefazolin Cefmetazole Cefixime
Cephalexin Cefonicid Cefoperazone
Cephaloridine Cefotetan Cefotaxime
Cephalothin Cefoxitin Cefotiam
Cephapirin Cefprozil Cefpodoxime
Cephradine Cefuroxime Cefsulodin

Loracarbef Ceftazidime
Ceftibuten
Ceftizoxime
Ceftriaxone
Moxalactam
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although the specific chemical byproducts remain unknown. In 
theory, the number of potential haptens with cephalosporins is 
quite large, whereas both the 7- and 3-position side chains may 
be involved.

The frequency of cephalosporin cross-reactivity in a peni-
cillin-allergic patient is reported to range anywhere from 7% to 
18% of patients.9 The actual incidence rate was confounded in 
the early literature by nonallergic ADRs being reported as drug 
allergy.14 In addition, the manufacturing process of penicillins 
and cephalosporins has been refined over time. Until the mid-
1980s, many penicillins were produced by fermentation from a 
cephalosporin mold and not from a penicillin mold. The drugs 
were thereafter synthetically modified to create the penicillin 
structure but were contaminated with cephalosporin-type prod-
ucts until approximately 1985. With improvements in the manu-
facturing process, more cross-reactivity exists currently among 
cephalosporins than between cephalosporins and penicillins.

Several studies have reported the incidence of urticaria and 
rashes from penicillins and cephalosporins. Ampicillin has a 
5.6% rate of rash reported,15 while the reaction rate of urticaria 
from amoxicillin was reported at 0.8%.16 The rate of rashes from 
cephalosporins ranges from less than 1.0% to 3%, depending 
on the individual drug.10,16–18

Cross-reactivity to beta-lactam antibiotics
Although not currently feasible with commercially available 

products, skin testing has been used by researchers to more 
accurately verify the incidence of cephalosporin cross-reactivity 
in pencillin-allergic patients. Penicillin skin tests are performed 
using a mixture of penicillin G, the major determinant of pen-
icilloyl-polylysine, a minor determinant mixture of benzylpeni-
cillin, and/or ampicillin.19 Such tests have a positive predictive 
value of less than 20% upon initial administration11,12,20 and 
approximately 60% with rechallenge.21–23 While the sensitivity 
is lacking, penicillin skin tests have a negative predictive value 
or specificity between 97% and 99%. A patient with a negative 
skin test has a 3% or lower chance of having an immediate 
allergic reaction.

When skin testing is used to confirm penicillin allergy, only 
the first-generation cephalosporins cause noteworthy cross-
reactivity. These data suggest that the cephalosporin cross-
reactivity rate may be lower than that seen between penicillins 
and other classes of antibiotics.24 While cross-reactivity reac-
tions may occur with first-generation cephalosporins, changes 
in the chemical structure of most cephalosporins that are second 
generation and higher make them less similar to penicillin.25

Side chains have been investigated as a link to cross-aller-
genicity between drugs and among drug classes. One of the first 
animal studies to investigate cross-allergenicity between peni-
cillins and cephalosporins reported that the side chain played 
an unimportant role.26 However, since 1962, a growing body of 
evidence suggests otherwise.27–30 In 1990, Nagakura et al.,31 
using monoclonal antibody technology, found that both the 3- 
and 7-position cephalosporin side chains and a new antigenic 
determinant (formed by conjugation of the beta-lactam ring with 
a carrier protein) elicited an immune response to skin testing. 
Mayorga et al.32 subsequently reported that 92% of the antibod-
ies recognized an epitope in which the side chain was the major 
constituent.

Side-chain structure has been used to regroup the penicil-
lins and cephalosporins, underscoring their potential for cross-
allergenicity.25 Drugs with similar 6- or 7-position side chains 
may exhibit cross-allergenicity with each other, just as drugs 
with similar 3-position side-chain structures may exhibit cross-
reactivity. Figure 5 is a matrix of penicillin and cephalosporins 
illustrating side-chain similarities. Each number in the matrix 
indicates side-chain similarity between two drugs. Cross-aller-
genicity is expected between each similar pair. For example, 
a patient allergic to amoxicillin would very likely manifest an 
allergic reaction to ampicillin, cefaclor, cefadroxil, cefatrizine, 
cefprozil, cephalexin, and cephradine. However, the patient 
would not be expected to exhibit an allergic response to cefa-

Figure 3. Chemical structure of penicillin

Figure 4. Chemical structure of cephalosporins
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nicid, cefotiam, and moxalactam) share a structural relation-
ship with another drug.

Comparative cross-reactivity, on the basis of skin test 
results, has been reported in several publications.21–23,25,30,33–48 
The sample size is small in some of the earlier studies; how-
ever, the results consistently support the side-chain model. Oral 

mandole, cefdinir, cefepime, etc., unless he/she was also allergic 
to another cephalosporin or penicillin with a similar side chain 
to the reference drug. In a similar analysis, cefamandole would 
not be given to a patient who was allergic to cefmetazole, cefop-
erazone, or cefotetan. Likewise, cefdinir would not be given to a 
patient allergic to cefixime. All but four drugs (cefazolin, cefo-
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Amoxicillin  6 6/7 6/7  6/7            6/7    

Ampicillin 6  6/7 6/7  6/7            6/7    

Cefaclor 6/7 6/7  7  7            7    

Cefadroxil 6/7 6/7 7   7            7    

Cefamandole           3 3  3        

Cefatrizine 6/7 6/7 7 7              7    

Cefdinir          3            

Cefepime         7    7   7 7    7

Cefetamet        7     7   7 7    7

Cefixime       3               

Cefmetazole     3       3  3        

Cefoperazone     3      3   3        

Cefotaxime        7 7       7 7    7

Cefotetan     3      3 3          

Cefoxitin                      

Cefpirome        7 7    7    7    7

Cefpodoxime        7 7    7   7     7

Cefprozil 6/7 6/7 7 7  7                

Cefsulodin                    3  

Ceftazidime                   3   

Cefteram        7 7    7   7 7     

Ceftibuten                      

Ceftizoxime        7 7    7   7 7    7

Ceftriaxone        7 7    7   7 7    7

Cefuroxime               3       

Cephalexin 6/7 6/7 7 3,7  7            7    

Cephaloridine               7       

Cephalothin             3  7       

Cephapirin             3         

Cephradine 6/7 6/7 7 3,7  7            7    

Penicillin G               6/7       

Figure 5. Matrix of penicillin and cephalosporin drugs with similar side-chain structures
3, similarity at the cephalosporin 3–position side chain; 7, similarity at the cephalosporin 7–position side chain; 6/7, similarity at the penicillin 6–position side chain and 
the cephalosporin 7–position side chain.

Drugs with 3-position or 7-position side chains dissimilar than any other include cefazolin, cefonicid, cefotiam, and moxalactam.
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nicity was evaluated in the same way using a variety of different 
cephalosporins and penicillins. Positive prick test results were 
seen with ceftriaxone and cefotaxime; positive intradermal test 
results were observed with ceftriaxone, cefotaxime, cefepime, 
and oxacillin. The author implicated a common methoxyimine 
substructure in the side chain of each of these drugs as contrib-
uting to the results. However, only one-half of the side-chain 
structure has been taken into account. The side chain of cefo-
taxime, ceftriaxone, and cefepime includes both a methoxyimine 
group and a sulfidine aniline group. In the case of cefuroxime, 
the side chain includes the methoxyimine group plus a furan. 
The coincidence between side-chain substructure and cross-
reactivity has not been fully investigated but may be an area of 
continued research, as demonstrated by this case.

Apter et al.64 calculated the unadjusted risk ratio of penicil-
lin–cephalosporin cross-reactivity in a retrospective review of 
534,810 patients who received penicillin followed by, at least 
60 days later, cephalosporin. The authors documented allergic-
like events (ALEs) occurring within 30 days of dosing, includ-
ing anaphylaxis, urticaria, angioedema, erythema multiforme, 
laryngeal spasm, drug-induced dermatitis, TEN, bronchos-
pasm, asthma, eczema, and ADRs. A total of 3,877 patients 
had an ALE following penicillin but only 43 (1.1%) experienced 
a second ALE after receiving a cephalosporin (unadjusted risk 
ratio 10.0 [95% CI 7.4–13.6]). In a separate analysis reviewing 
sulfonamide antibiotics, 1.6% of penicillin-sensitive patients 
experienced a second ALE after receiving a sulfonamide (7.2 
[3.8–12.5]).

Legal implications
When cephalosporins were first introduced to the market, 

they were indicated for use in penicillin-allergic patients. Given 
the subsequent acknowledgement of adverse events related to 
cross-reactivity, the labeling changed several times. The pack-
age insert for most cephalosporins currently states, “Cross-
hypersensitivity among the -lactam antibiotics has been 
clearly documented and may occur in up to 10% of patients 
with penicillin allergy.” This generalized rate of reaction has 
been redefined to 1.1% or lower through an understanding of the 
distinction between penicillin allergy and nonallergic adverse 
reactions, skin testing data, the importance of the side-chain 
structure, and the recent physician guidelines supporting use 
of certain cephalosporins for treating respiratory infections in 
patients with non–type I penicillin allergy. Science now recog-
nizes the unique side chains as a major source of cross-reac-
tivity (structural activity relationship), replacing the concept of 
a class effect.63,64

The legal implications of using a cephalosporin in a pen-
icillin-allergic patient should reflect the understanding that 
package inserts regarding cross-reactivity contain outdated 
information. Medical malpractice falls under civil law and is 
partially defined as a breach of the duty of care owed by the phy-
sician or health care provider. The responsibility of a pharmacist 
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rechallenge studies have examined 5,420 patients with a his-
tory of penicillin who received cephalosporins and found that 
2.55% had a reaction to a cephalosporin.21–23,25,34,38,39,42–44,46,48–62 
The majority of cross-reactivity reactions occurred after a first-
generation cephalosporin with a side chain similar to penicillin 
and amoxicillin was administered.

The structural relationship of cross-reactivity between 
cephalosporins was recently reported in a case of allergy to 
cefuroxime axetil.63 Allergy was confirmed 4 weeks after the 
incident using prick test and intradermal test. Cross-allerge-
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who dispenses a prescription to a patient with a known allergy 
falls within the scope of this definition. Adhering to the labeled 
package insert precautions and not dispensing a cephalosporin 
to patients with a history of penicillin allergy is a conservative 
approach but fails to recognize recent scientific data and con-
temporary physician guidelines.

The 1998 landmark legal case Morlino v Medical Center of 
Ocean County resolved the issue of whether the package insert 
alone could establish the standard of care or negligence. Ms. 
Morlino, 8 months pregnant, was treated for acute pharyngitis 
with amoxicillin on March 5, 1990. Fifteen days later, she pre-
sented to the emergency department after failing her course of 
therapy. A throat culture grew Haemophilus influenza resistant 
to ampicillin, cephalosporin, erythromycin, clindamycin, naf-
cillin, and penicillin. The physician considered ciprofloxacin, 
a fluoroquinolone, as possible therapy. Upon consulting the 
Physicians’ Desk Reference (PDR), the physician noted a warn-
ing regarding the use of ciprofloxacin in children or pregnant 
women. The warning stated, “Histopathological examination 
of the weight-bearing joints of dogs has revealed permanent 
lesions of the cartilage. Risk cannot be ruled out. Human stud-
ies are lacking and animal studies are either positive for fetal 
risk or lacking as well. However, potential benefits may justify 
the potential risk.” As such, ciprofloxacin is rated for use in 
pregnancy as Category C.

After the alternatives were considered, Ms. Morlino was 
given oral ciprofloxacin 500 mg at 12:30 a.m. on March 21 and 
discharged 10 minutes later. She soon began to feel dizzy, weak, 
and short of breath. Her eyesight was blurred and she lost con-
sciousness for several hours. Ms. Morlino was diagnosed with 
anaphylaxis to ciprofloxacin, and, although she survived the 
incident, the fetus was lost.

A medical malpractice suit for negligence was subsequently 
filed against the physician focusing on the PDR and package 
insert warning against using ciprofloxacin in pregnancy. The 
case was ultimately appealed to the New Jersey Supreme Court 
to determine if the PDR or product labeling alone could establish 
the standard of care or negligence. The court found that product 
labeling and parallel PDR references alone do not establish a 
standard of care but are allowed into evidence provided expert 
testimony is also presented to explain the standard to the jury.

In the context of dispensing a cephalosporin to a patient 
with a history of penicillin allergy, the American Academy of 
Allergy, Asthma & Immunology (AAAAI) issued an updated 
practice parameter in 2005 for diagnosing and managing ana-
phylaxis.66 These guidelines have been further refined in a 2007 
supplement on risk assessment in anaphylaxis.67 The AAAAI 
parameter states that penicillin is the most common cause 
of drug-induced anaphylaxis. Given that penicillin spontane-
ously degrades to major and minor antigenic determinants, the 
value of skin testing with reagents on this basis yields negative 
results in approximately 90% of patients with a history of peni-
cillin allergy (97–99% specificity for IgE reactions). Although 

the extent of allergic cross-reactivity between penicillin and 
cephalosporins is unknown and appears to be low, about 4% of 
patients with a proven penicillin allergy (by skin testing) also 
react to cephalosporins. Patients with a history of penicillin 
allergy who have negative penicillin skin test responses might 
safely receive cephalosporins. The AAAAI recommends that 
patients with a positive penicillin skin test (1) receive a non–
beta-lactam antibiotic, (2) receive a cephalosporin through 
graded challenge, or (3) undergo rapid desensitization before 
receiving a cephalosporin. The clinical availability of skin test 
reagents would provide considerable assistance in evaluating 
patients with a history suggesting an IgE-type adverse drug 
response.

When current clinical data are combined with structural 
activity relationship side-chain analysis, it appears that, for 
select cephalosporins without side-chain similarities, the rela-
tive risk of prescribing these antibiotics in a non–IgE-mediated 
penicillin-allergic patient is no greater than the low inherent 
allergic risk of the products themselves.

Conclusion
Pharmacists in various settings, including those in commu-

nity pharmacy, can expect to see cephalosporin prescriptions 
for patients with a history of penicillin allergy. With respect to 
respiratory tract infections, oral cefdinir, cefuroxime axetil, or 
cefpodoxime are recommended for use in patients with nonana-
phylactic (type I) allergy to penicillin. The side-chain theory of 
cross-allergenicity is supported by a considerable body of evi-
dence and has the potential to assist the pharmacist in screening 
prescriptions. Referencing the matrix of side-chain similarities 
can help the pharmacist determine the likelihood of eliciting an 
adverse reaction if a cephalosporin is administered to a patient 

Figure 6. Decision tree for patient with penicillin allergy  
presenting with cephalosporin prescription
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with nonsevere penicillin allergy (Figure 6). Assessing the allergy 
nature, drug, onset, duration, and extent is essential to determin-
ing the safety of starting cephalosporin therapy. If the penicillin 
allergy is severe or life threatening, the reaction may be related to 
haptenation rather than the side chain and intervention is needed. 
Desensitization or graded challenge may be more appropriate if 
the allergy history is unclear. Physicians should be educated to 
acknowledge their awareness of the non–IgE-mediated/nonseri-
ous allergic reaction with a note on the prescription: “Aware of 
PCN Allergy.” Cephalosporins with dissimilar side chains can be 
prescribed in patients not previously exhibiting a type I allergic 
response or a life-threatening late-onset reaction such as SJS or 
TEN. Understanding the difference between an adverse event and 
an allergic reaction may prevent delaying therapy or mistakenly 
changing therapy because of a lack of awareness.
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